Abstract-Technologies' rapid advance in developing digital media has been extensively applied in contemporary play materials to enrich children's play, such as electronic or computerized toys, electronic story books, television, personal computers, and game consoles. Recently, studies about digital games in these areas have begun to appear. Some educators have a vision that these games have the potential to become powerful motivating digital environments and they study digital games in order to determine how motivational components of popular digital games might be integrated into instructional design. This study investigated whether digital games facilitate children's cognitive achievement in comparison to traditional computer-assisted instruction. One hundred and fifteen third-graders from a middle/high socio-economic standard school district in Tainan City, Taiwan participated in the study. Results indicate that digital game playing not only improves participants' fact/recall processes, but also promotes problem-solving skills by recognizing multiple solutions for problems.
I. INTRODUCTION
Educators perceived that a variety of instructional materials are useful and important for promoting the development of children literacy, mathematical and spatial understanding, and concepts related to nature and science, and critical thinking [1] . That is the reason why instructional materials are continually revised and expanded throughout the school year in response to the children's changing needs and interests. The same rationale applies to explaining why children's interests in play materials change from time to time. Technologies' rapid advance in developing digital media has been extensively applied in contemporary play materials to enrich children's play, such as digital or computerized toys, electronic story books, television, personal computers, and game consoles. Not only for children have these new play materials easily caught educators and researchers' attention over the past years. Especially for digital games, a great debate has emerged about how these games influence children's behaviors, and what is the role of these new media in children's learning.
Digital games have come under tremendous political pressure in recent years because of an increase in violent, aggressive, and sexual content. Despite many educators' fears that digital games might suppress children's imagination, foster violence, aggression, negative imagery of women, or social isolation [2] , other educators have taken an interest in what the effects these games have on players and how some of the motivating aspects of digital games might be harnessed to facilitate learning [3] . Many research reports already corroborate that play materials are related to children's motor, cognitive, language, social, and emotional development. Recently, studies about digital games in these areas have begun to appear. Some educators have a vision that these games have the potential to become powerful motivating digital environments and they study digital games in order to determine how motivational components of popular digital games might be integrated into instructional design [3] [4] .
This study investigated whether digital games facilitate children's cognitive achievement. In comparison to traditional computer-assisted instruction (CAI), this study explored the impact of the varied types of instructional delivery strategies on children's cognitive achievement. Based upon the aforementioned purpose of study, one major research null hypothesis may be drawn as follows: no significant differences in students' achievement when they receive two different instructional treatments: (1) traditional CAI; and (2) a digital game.
II. METHODS
Based on "Effect of computer-based video games on children: An experimental study", by T.Y. Chuang , and W. 
A. Participants
The chosen participants were from a middle/high socio-economic standard school district in Tainan City, Taiwan.
The first consideration in selecting a participating school is the availability of computer laboratory facilities. The selected school laboratories should contain at least thirty well-functioning computers, with multimedia capability.
The other critical prerequisite is at least half of these computers have installed a 3D graphic card accelerator with 64 MB RAM for performing the selected instructional material. Only one elementary school fulfills these conditions for participating in the study.
One hundred and thirty-six third-grade students from Chunghsueh Elementary School were recruited to participate in this study.
After contacting the participants' parents, one hundred and fifteen participants agreed to participate in the study.
The learning prerequisite for participants was the ability to use basic computer tools and Internet-browsing resources. Since the computer lessons have became required courses for all third-grade elementary school students, every participant met this prerequisite.
B. Instructional Materials
The instructional topic used for this study was "firefighting." Instructional content in the study covered the basic knowledge about the danger of fire and the firefighting techniques. The reason for selecting "firefighting" was not only because fire is ever-present, but also because knowing about fire, students will gain understanding of how to protect themselves from it. As benefit for the study, the content was chosen because it covers a variety of educational objectives such as facts, concepts, and problem solving, and it is not related to the participants' courses, thus avoiding potential threats to internal validity of the study.
"Fire Department 2: Fire Captain," a 3D Real-Time Strategy game developed by Monte Cristo Games™ was chosen for this study. This digital game has been assessed by the Pan-European Game Information (PEGI) age rating system, and has been approved for children seven years and older. A unit of plain hypertext instructional material was also developed for computerassisted instruction in this study. Two elementary school teachers in Taiwan reviewed this instructional material in its Chinese version. Also, a professional translator has approved the translation from Chinese to English.
C. Variables
One independent variable was examined in this study: type of instructional treatments. Two groups (computerassisted instruction versus digital game playing) were developed for the variable of instructional treatment.
Dependent variables were the outcome of participants' post-test scores from three sub-categories (multiplechoice, matching, and application) in the post-test. A post-test was designed for the study containing twentyeight items. It has a total of one hundred points.
D. Control Group
Participants in the control group learned by interacting with computers individually. The contents of the computer-assisted instruction in this study used a plain hypertext format. This hypertext with fire-fighting content was presented in one single Web page without hyperlinks. The content included (1) elements of fire, (2) fire categories, (3) fire-fighting techniques, and (4) fire safety information.
E. Experimental Group
The digital game called "Fire Captain" was chosen for the experimental group. This digital game utilized similar instructional content as the control group. The primary goal of this game is to master all kinds of knowledge and skills to prevent fire. Although, five single player campaigns with increasingly complex missions constitute this game, the tutorial mission is one that participants have to play first in the study. In the tutorial mission, the participants learned everything they need to know to be a firefighter through each relevant and inclusive introductory task. As a Real-Time Strategy game, the players need to put out a fire at the end of tutorial mission, and their performance was graded by the game. To avoid interference with others, no teacher was involved in this study during the experiment. As in the control group, the researcher provided only technical support to the participants if it needed.
F. Research Design
This is a typical one-factor-with-two levels experiment. Since the dependent variables are typically related statistically and conceptually [4] , and the statistical correlation should be in the range of a low to moderate level [5] . A Multivariate Analysis of Variance (MANOVA) was performed to analyze the results. Furthermore, the real value of using MANOVA is in controlling Type I error (also known as false positive error) while analyzing multiple dependent variables simultaneously.
G. Data Collection and Analysis
The data for this research was collected from a random sample of third-grade students enrolled in the selected school in Tainan City, Taiwan. One hundred and thirty-six third graders were expected to participate in this study. After contacting the participants' parents, one hundred and fifteen participants agreed to participate. After instructional treatments and concluding the posttest, a total of 108 participants had completed the experiment. The drop-out rate for the study was 6.1%.
The data used for statistical analysis was collected from two sources: (1) the results of the post-test scores, and (2) the results of the three sub-categories in the posttest. The reliability analysis of the post-test showed internal consistency of the test scores. By using Cronbach's Coefficient Alpha, an overall reliability of .88 was reported for this study.
Multiple analysis of variance in Statistical Package for the Social Sciences (SPSS) was used to examine main and potential interaction effects of categorical variables on multiple interval/ratio dependent variables. That is, MANOVA tests for population group differences on several dependent variables simultaneously by creating vectors of the multiple dependent variables [4] [5] . Thus, in conducting a one-way MANOVA for this study, varied type of instructional treatments was used as independent variables (i.e., nominal scale); the outcome of students' multiple measure scores of the post-test were the dependent variables (i.e., interval/ratio scale). An alpha level of .05 was set for analysis the significant difference of testing hypotheses. Prior to using MANOVA, the researcher examined the test results and found the distribution to be fairly normal with no extreme outliers.
III. PROCEDURES
Participants were first randomly assigned into two groups (control group: n=58, and experimental group: n=57). And then they were asked to participate in two instructional sessions. Each session took 40 minutes to complete. In the first session, the control group received a unit of computer-assisted instruction about fire-fighting; the experimental group was asked to play the digital game "Fire Captain." In the next session, all participants were required to take a quiz to allow assessing their learning achievements. The quiz was designed and developed to assess participants' learning achievements after finishing their instruction. From three categories of questions-fact/recall (part 1), analysis/comparison (part 2), and understanding/problem-solving (part 3), different types of learning outcomes were determined.
IV. RESULTS
From the results of the post-test (Table 1) , group means showed significant differences between the control group (M=70.05) and the digital game group (M=76.18). Table 2 reports MANOVA for the effect of the studied independent variable on the dependent groups. Results from the Wilks' Lambda indicated that significant effects of treatment groups were found (p<.05).
Univariate analyses, on Table 3 , reveal that the dependent variables had significant main effects on the independent variables in all the tests except for the Part 2 test on treatment groups.
V. FINDINGS
To discuss the significant differences between different instructional treatments precisely, the results of this study were subdivided into four sections: multiplechoice (part 1), matching (part 2), and application (part 3).
Univariate analysis results for post-test score show that significant differences between treatment groups exist (F=7.04, p<.05). Therefore, for post-test, the null hypothesis should be rejected. Analysis of the results shows that the experimental group, on average, had a significantly higher post-test score when compared with the control group.
The statistical results clearly show a significant difference between computer-assisted instruction and digital game playing in students' learning achievement. Based on this finding, playing digital games was determined to be more effective in facilitating thirdgraders' average learning outcome than plain computerassisted instruction. Therefore, it may be concluded that this null hypothesis should be rejected. According to the results of post-test scores, clearly digital games can facilitate students' learning performance. This finding indicated that digital game playing not only can improve participants' fact/recall processes, but also promotes problem-solving skills by recognizing multiple solutions for problems. Additionally, more precise effects were detected by breaking the posttest scores into three sub-categories. When the researchers developed the items in part 1, the objectives were to make the participants recall key facts, definitions, and concepts. As the results of part 1 indicate, the participants in the experimental group have a significantly better understanding of factual materials and concepts (F=5.29, p<.05). Consequently, for finishing their mission, the participants in the experimental group know they have to memorize the key facts or concepts even if they were just playing a game.
The design of part 2 was to measure the participants' ability to associate and analyze similarities and differences. Unfortunately, the results in this part were not as impressive as expected. According to the results, there is no statistically significant difference in part 2, and the scores of the experimental group only slightly better than the scores of the control group (F=1.29, p>.05). Consequently, digital game playing did not much improve participants' judgment. Two explanations are possible for this consequence: (1) insufficient descriptions or explanations of each key concept in the digital game, thus the participants in the experimental group do not have enough information to analyze and compare the differences, (2) the depictions of each item in part 2 is not easy enough for third graders to understand. Therefore, they are confused about making the right choice.
In part 3, digital game playing was effective for improving critical thinking and higher-level cognition. Part 3 was designed to identify the participants' comprehension, problem-solving, and strategy skills. The results indicated that participants' achievement of learning comprehension knowledge was enhanced (F=5.66, p<.05). A number of research studies have been developed and explore better approaches to prompt student's higher-order thinking. With this finding, it may be concluded that digital video games can be considered an instructional approach to improve students' higherorder thinking.
In sum, digital games might improve students' achievement in learning factual knowledge, problemsolving strategies, and higher-level cognitive thinking processes.
VI. CONCLUSION
This study investigated the play effect of digital games on children's cognitive achievement. Based on the aforementioned findings of the study, the following conclusion may be drawn.
Digital games improve children's cognitive achievement. The results from this study provided experimental evidence to support that the use of digital games can facilitate students' cognitive learning process.
As this new form of technology has been treated as an entertainment device with negative influences on children, this study was attempted to restore digital games to its original value: multifunction interactive media. In addition, given this approach, a different character emerges by suggesting multimedia is functionality and instructional capability should be considered equally with traditional CAI programs.
However, the question-which type of digital game works best for the students identified as having high-prior knowledge or low-prior knowledge-was not discussed in the study. It needs further investigation in the future study.
